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Percutaneous balloon valvuloplasty was performed on a
patient with pulmonary stenosis. Right to left shunting
through a patent foramen ovale during balloon inflation
was documented by contrast two-dimensional echocardi-
ography. Right and left ventricular pressures recorded
during balloon inflation showed a decrease in left ven-
tricular end-diastolicpressure and equilibration with right
Percutaneous balloon valvuloplasty for treatment of valvular
pulmonary stenosis has been described as an effective pro-
cedure with low morbidity and no mortality (1-3). With
inflation of the balloon and obstruction to right ventricular
outflow, elevation of the right ventricular systolic and di-
astolic pressures and systemic hypotension occur. It has
been suggested that a patent foramen ovale might allow
shunting of blood from the right to the left side of the heart
during balloon inflation and, thus, lessen the degree of sys-
temic hypotension (2); however, this hemodynamic re-
sponse has not been documented. We performed percuta-
neous balloon valvuloplasty on a patient with pulmonary
stenosis and a patent foramen ovale and documented with
contrast two-dimensional echocardiography the develop-
ment of a right to left shunt through the patent foramen
ovale during balloon inflation. Simultaneous measurement
of left and right ventricular pressures revealed end-diastolic
equilibration and minimal systemic hypotension.
Case Report
A 23 year old man was referred for evaluation of a 12
month history of increasing dyspnea on exertion, effort in-
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ventricular end-diastolic pressure. Systemic hypotension
was minimal during balloon inflation, possibly due to
persistent filling of the left ventricle via the patent for-
amen ovale. Persistent right ventricular systolic hyper-
tension immediately after valvuloplasty may have been
due to infundibular narrowing and resolved on restudy
2 weeks later.
tolerance and presyncope while running. He had been very
active in the past and regularly ran distances of 10 to 20
miles without difficulty. Examination disclosed increased
splitting of the second heart sound with a soft pulmonary
component (Pz)' a pulmonary ejection click and a grade
2!6 systolic ejection murmur along the left sternal border.
No diastolic murmur was heard.
Laboratory findings. Chest radiography demonstrated
mild dilation of the pulmonary arteries. Electrocardiography
revealed right-axis deviation and a prominent S wave in
leads V4 to V6 consistent with right ventricular hypertrophy;
vectorcardiography confirmed type C right ventricular hy-
pertrophy. The echocardiogram was reported to be normal.
Exercise treadmill testing using the Bruce protocol was ter-
minated at the end of stage III (9 minutes) because of short-
ness of breath and fatigue. Maximal heart rate was 160 beats!
min; blood pressure increased normally with exercise.
Cardiac catheterization. Initial cardiac catheterization
revealed a pulmonary valve gradient at rest of 30 mm Hg
with a right ventricular systolic pressure of 48 mm Hg. After
9 minutes of supine exercise with a bicycle ergometer, the
right ventricular systolic pressure increased to 105 mm Hg
with a pulmonary valve gradient of 69 mm Hg. Oximetry
revealed no oxygen step-up on the right side of the heart.
Right ventriculography revealed a thickened pulmonary valve;
no calcium was seen on fluoroscopy of the valve.
Percutaneous balloon valvuloplasty. The procedure was
performed as decribed elsewhere (1,2), using an 8 French
catheter with a 20 x 40 mm balloon (Meditech, Watertown,
Massachusetts). An 8 French pigtail catheter was placed
into the left ventricle for pressure monitoring during balloon
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Table 1. Hemodynamic Findings
Figure 1. Simultaneous recording of right ventricular (RV) and
left ventricular (LV) pressure tracings immediately before, during
and immediately after balloon inflation of the pulmonary valve.
Note the equilibration of pressures at end-diastole during baIIoon
inflation,
pressure increased slightly and the pressures equilibrated.
Left ventricular systolic pressure decreased only slightly
from 120 to 100 mm Hg, while right ventricular systolic
pressure increased from 50 to 95 mm Hg. Contrast echo-
cardiography during balloon inflation demonstrated brisk
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CO = cardiac output (liters/min); Ex = exercise; P pulmonary
valve gradient (mm Hg); PA = pulmonary artery systolic and diastolic
pressure (rnrn Hg): PBV = percutaneous balloon valvuloplasty: Post =
after valv iloplasty: Pre = before valvuloplasty; RV = right ventricular
systolic and diastolic pressure (mm Hg).
Pre-PBV PBV Post-PBV
kcst Ex Pre Post Rest Ex
RV 4X/6 105/8 4818 48/8 22/4 44/8
PA X/6 36/12 16/8 20110 20/12 24/12
P 30 69 32 28 2 20
CO 4.8 6.8 4,7 7.0 4,2 98
inflation. Injection of indocyanine green into the inferior
vena cava (through the proximal portion of a Swan-Ganz
catheter) was performed during balloon inflation while a
two-dimensional echocardiogram was obtained in the apical
four chamber view.
Four balloon inflations were performed. each to 3 atmo-
spheres pressure. A ridge indenting the balloon was seen
to disappear on the first inflation. Pre- and postvalvuloplasty
pressures were as shown in Table 1. Left and right ven-
tricular pressures are shown in Figure 1. Left ventricular
end-diastolic pressure was greater than right ventricular end-
diastolic pressure at baseline study. Control contrast echo-
cardiography showed no right to left shunting.
During balloon inflation, left ventricular end-diastolic
pressure decreased, while right ventricular end-diastolic
Figure 2. Apical four chamber two-dimensional
echocardiogram demonstrating echo contrast in the
right atrium (RA), right ventricle (RV) and left ven-
tricle (LV). Left ventricular microbubbles are seen
in the area indicated between the arrows. S =
interventricular septum.
134 SHUCK ET AL.
PERCUTANEOUS PULMONARY VALVULOPLASTY
JACC Vol. 4. NO.1
July 1984:132-5
flow of contrast medium from the right to the left side of
the heart (Fig. 2). There were no complications during the
procedure.
The patient undenvent repeat right heart catheterization
14 days after percutaneous balloon valvuloplasty. There
was no pulmonary valve gradient at rest. At peak exercise,
right ventricular systolic pressure was 44 mm Hg with a
gradient of 20 mm Hg (Table I).
Discussion
Percutaneous balloon valvuloplasty is an invasive non-
surgical method for correction of valvular pulmonary ste-
nosis. Our patient illustrates several points regarding this
procedure. First, hemodynamic measurements obtained at
rest may not reflect the severity of the stenosis and the degree
of hemodynamic overload of the right ventricle during ex-
ercise. In our patient, the right ventricular pressure (48/6
mm Hg) and pulmonary valvular gradient (30 mm Hg) at
rest suggested mild to moderate pulmonary stenosis despite
symptoms and electrocardiographic changes compatible with
right ventricular systolic overload. During exercise, how-
ever, severe right ventricular hypertension occurred (105/8
mm Hg) and the pulmonary valvular gradient increased to
69 mm Hg. A bicycle exercise study was helpful in dem-
onstrating significant right ventricular outflow obstruction.
Calculation of the pulmonary valve area by the Godin for-
mula (4) resulted in a valve area of 0.8 crrr' at rest and
during exercise before percutaneous balloon valvuloplasty.
Thus, bicycle exercise study may be helpful in demonstrat-
ing an abnormal pulmonary valve gradient and right ven-
tricular hypertension; however, the valve area at rest will
be below normal when the Gor/in formula is applied.
Right to left shunting during valvuloplasty. During
balloon inflation, no forward flow of blood will occur through
the pulmonary valve. This will result in underfilling of the
left ventricle and a concomitant reduction in left ventricular
output and systemic pressure. Previous reports have de-
scribed systemic hypotension during balloon inflation, vary-
ing in severity from mild (2) to profound (1). The patient
of Pepine et al. (2) was known to have a patent foramen
ovale before percutaneous balloon valvuloplasty, and it was
theorized that right to left shunting of blood through the
patent foramen ovale during balloon inflation may have
lessened the degree of systemic hypotension. Our patient
developed a right to left shunt through a patent foramen
ovale that was documented by contrast echocardiography
during balloon inflation. The degree of systemic hypoten-
sion was mild. Additionally, the left ventricular end-dia-
stolic pressure was seen to decrease during balloon inflation.
This was probably due to a decrease in left ventricular filling
because the limited inflow through the patent foramen ovale
during balloon inflation would be less than the normal inflow
from the pulmonary veins before balloon inflation. Thus,
left ventricular volume would decrease because of dimin-
ished filling. Additionally, enlargement of the right ventricle
due to outflow obstruction by the inflated balloon would be
expected to shift the interventricular septum leftward and
cause some compression of the left ventricle (5,6). Although
accurate measurements of left and right ventricular volume
during balloon inflation were not possible because of tech-
nical difficulties, subjective assessment of the ventricular
dimensions revealed right ventricular enlargement with a
decrease in left ventricular size as the interventricular sep-
tum was seen to bedisplaced leftward during balloon inflation.
In view of the potential for right to left shunting in any
patient undergoing percutaneous balloon valvuloplasty, we
recommend full heparinization for the prevention of sys-
temic emboli, even though this complication has not been
reported. In addition, careful attention to the removal of
bubbles from the intravenous lines is required to prevent
potential systemic air emboli.
Initial and late results. Finally, as seen in our patient
and as noted by others, the gradient measured immediately
after valvuplasty may remain elevated. In our patient, the
persistently elevated gradient was predominantly due to a
marked increase in cardiac output after valvuloplasty; how-
ever, the calculated pulmonary valve area was increased.
Lababidi and Wu (3) noted a period of sinus tachycardia
and increased cardiac output after percutaneous balloon val-
vuloplasty in their group of patients. This increase may be
due to relief of the pulmonary valve obstruction and to reflex
increases in heart rate and contractility mediated by the
autonomic nervous system. An additional mechanism for
persistent right ventricular systolic hypertension is infun-
dibular obstruction due to hypertrophy of the crista supra-
ventricularis and parietal and septal muscle bands (7). This
has been shown to regress after surgical resection of valvular
pulmonary stenosis (8). Acute reactive infundibular narrow-
ing may also occur after temporary occlusion of the pul-
monary artery in dogs with right ventricular hypertrophy
secondary to chronic pulmonary artery banding (9). In our
patient, the initial increase in the calculated pulmonary valve
area further improved at restudy 14 days later. There was
essentially no pulmonary valve gradient at rest. Repeat de-
termination of rest and exercise right heart pressures several
weeks after percutaneous balloon valvuloplasty is indicated.
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